gain, insomnia, loss of libido, mood changes, vaginal dryness, and vaginal discharge to be troublesome symptoms of their treatments (Garreau, Delamelena, Walts, Karamlou, & Johnson, 2006) . These symptoms have resulted in some women discontinuing their therapy (Henry et al., 2012; Murphy, Bartholomew, Carpentier, Bluethmann, & Vernon, 2012) . Thus, there is a clear need for effective management of these adverse symptoms to promote adherence and maintain optimal quality of life (QOL; Cella & Fallowfield, 2008) .
Acknowledging the seriousness of AI-related adverse effects, large studies such as the Arimidex, Tamoxifen Alone or in Combination (ATAC), Intergroup Exemestane Study (IES), and Tamoxifen Exemestane Adjuvant Multinational (TEAM) trials compared endocrine therapy-related symptoms and QOL between tamoxifen and AIs. However, there are not many studies that have tested the efficacy of exercise interventions to relieve AI-related symptoms and to improve QOL in female cancer survivors. Regular exercise has been shown to improve fatigue, depression, functional ability (Duijts et al., 2012) , and overall QOL in breast cancer survivors (Conn, Hafdahl, & Brown, 2009; Knobf, Musanti, & Dorward, 2007; Milne, Wallman, Gordon, & Courneya, 2008; Ohira, Schmitz, Ahmed, & Yee, 2006) . In addition, exercise interventions provided in the community setting where the women live and work have been shown to be a feasible way to promote exercise and improve well-being (Knobf, Thompson, Fennie, & Erdos, 2014) . The Fitness Intervention Trial (FIT) was a randomized controlled trial designed to test community-based aerobic resistance exercise in perimenopausal and early postmenopausal female cancer survivors, the majority of whom were breast cancer survivors.
Using data from the FIT, we assessed the efficacy of aerobic resistance exercise in improving endocrine therapy-related symptoms and QOL by dividing FIT participants into three groups-those taking AIs, those taking tamoxifen, and those taking no endocrine therapy (not taking AIs or tamoxifen). Women in the no endocrine therapy group had received cancer treatments such as chemotherapy, radiation, and surgery, but were not taking either AIs or tamoxifen. We first compared the women in these three groups regarding endocrine therapy-related symptoms and QOL at baseline. We then compared the effect of the exercise intervention on the three groups at 6 and 12 months. It was hypothesized that those in the exercise intervention group would show significantly improved symptoms and QOL compared to those in the control group.
Methods
All study procedures were approved by the Yale University Institutional Review Board Human Subjects Review Committee. Informed consent was obtained from all individual participants included in the study.
Study Design
The FIT was a randomized controlled trial that examined the efficacy of aerobic resistance exercise in perimenopausal and early postmenopausal female cancer survivors. Stratified randomization was used to ensure that all cancer types were equally represented in both the exercise intervention and control groups. This was accomplished through a randomization table that was constructed using SAS statistical software (SAS Institute, Inc., Cary, NC, USA), with participants randomized according to the next available spot (exercise intervention or control group) for particular cancer types.
In this 12-month trial, participants in the exercise intervention group received 6 months of a supervised exercise intervention designed to promote endurance and cardiovascular fitness, functional ability, osteogenic stimuli, ground reaction forces, and joint reaction forces. This was followed by 6 months of unsupervised exercise. The exercise intervention was provided at community fitness centers. The home-based health promotion (control) group received national physical activity guidelines at the beginning of the study from the American Cancer Society "Smart Steps" booklet, which encourages moderate-intensity activity on most days of the week. The physical activity guidelines were presented and reviewed with participants individually by the project director, and their questions were addressed. Participants in the control group were contacted monthly regarding their physical activity level. Details of the study design and intervention are described in a previously published article (Knobf et al., 2016) .
Sample
Participants in the FIT included women diagnosed with breast, gynecologic, or colorectal cancer or lymphoma who (a) had no nonhormonal therapy or completed nonhormonal therapy <36 months earlier, (b) were in the perimenopausal transition (no menses for 3 to 12 months in the preceding year) or in early postmenopause (>12 months and <60 months since the last menstrual period), (c) had normal bone mineral density or osteopenia (T score -1.0 to -2.5) at baseline assessment, (d) were physically able to participate in the exercise program (physician release), (e) were English speaking, and (f) were able to complete questionnaires and give informed consent. Women taking medication that affects bone mineral density (e.g., bisphosphonates) were excluded from the study.
Outcome Measures
Menopausal and Endocrine Therapy-Related Symptoms: Breast Cancer Prevention Trial Symptom Checklist (BCPT-SCL)
The BCPT-SCL was developed in studies with breast cancer patients. It was designed to collect information about menopausal and endocrine therapy-related symptoms , and has been used to describe symptoms common to women with breast and other cancers for whom treatment resulted in premature menopause (Alfano et al., 2006; . The questionnaire comprises 42 items with a two-part response format. First, women answer either "yes" or "no" to the presence of a symptom during the preceding 4 weeks. If a symptom was present, the woman was asked to rate on a 5-point scale from 0 (not at all) to 4 (extremely) how much the symptom bothered her. Exploratory and confirmatory factor analyses of the BCPT-SCL identified eight factor clusters, with Cronbach α's ranging from.59 to .85 in one study (Stanton, Bernaards, & Ganz, 2005) . Factor clusters had low to moderate negative correlations with the Medical Outcomes Study Short Form Health Survey (MOS SF-36), establishing discriminant validity Stanton et al., 2005; Terhorst, Blair-Belansky, Moore, & Bender, 2011) .
Menopausal and Endocrine Therapy-Related Symptoms: Functional Assessment of Cancer Therapy-Endocrine Subscale (FACT-ES)
The FACT-ES is a 19-item scale designed to describe endocrine therapy-related symptoms. Women are asked to rate on a 5-point scale from 0 (not at all) to 4 (very much) how often they experienced a symptom during the preceding 7 days. All items were reverse coded so that a higher score indicated lower symptom experience. Scores could range from 0 to 76. A study conducted by Fallowfield, Leaity, Howell, Benson, and Cella (1999) involving women undergoing hormonal therapy for breast cancer reported that the FACT-ES had good internal consistency (Cronbach's α .92), and test-retest reliability (correlation coefficient r = 0.93). In addition, the FACT-ES showed sensitivity to change by detecting symptom changes from baseline to 4, 8, and 12 weeks posttreatment.
Quality of Life: Functional Assessment of Cancer Therapy-General (FACT-G) Version 4
The FACT-G is a 28-item questionnaire developed to measure QOL in patients receiving cancer treatment, with higher scores indicating better QOL. There are four subscales, with items rated on a 5-point scale from 0 (not at all) to 4 (very much): physical well-being (seven items, score range 0-28), social or family well-being (seven items, score range 0-28), emotional well-being (six items, score range 0-24), and functional well-being (seven items, score range 0 to 28; Cella et al., 1993) . The FACT-G has been reported to be reliable (test-retest correlation coefficient for total score, 0.92). It has also been reported to be valid, with a high correlation (correlation coefficient r = 0.79) with the Functional Living IndexCancer QOL measure supporting convergent validity, and a low correlation (correlation coefficient r = 0.22) with social desirability as measured by the Marlowe-Crowne Social Desirability Scale supporting divergent validity. In addition, the FACT-G showed sensitivity to change by detecting symptom changes 2 months post-treatment in patients receiving chemotherapy (Cella et al., 1993) .
Data Analysis
All questionnaires were prepared as TELEform documents that could be scanned into the database (Cardiff, Vista, CA, USA). Instruments were scored according to instructions specific to each instrument. The sample was described using frequency distributions and summary statistics for central tendency and variability. Analyses were conducted to examine menopausal and endocrine therapy-related symptoms and QOL differences between the three endocrine therapy groups of women according to their treatment (tamoxifen, AIs, or no endocrine therapy). Differences were also analyzed between intervention and control groups. A repeatedmeasures mixed-model analysis (PROC MIXED) was used to determine if group, time, and group by time differences existed; compound symmetry was used to model intraclass correlation. An α of .05 was used for level of significance. All analyses were performed using SAS software version 9.3 of the SAS System for Windows.
Results

Sample
Details of the recruitment process and sample characteristics are described in a previously published article (Knobf et al., 2016) . Briefly, of the 672 female cancer survivors screened, 308 were eligible, and 154 were enrolled in the study. Seventy six participants were randomly assigned to the exercise intervention group and 78 participants were randomly assigned to the control group. Of the 154 participants, 83.5% were diagnosed with breast cancer, 11.7% with gynecological cancer, and 5.8% with lymphoma or colorectal cancer. Four women left the study after baseline data collection, 11 women withdrew within the first 6 months, and 3 women had a recurrence of cancer and were excluded from the study (attrition rate of 11.6%). There were no differences in attrition between the exercise intervention and control groups.
Participants were predominantly White (88.3%), married (70.1%), with at least some college education (82.7%), and worked either part time or full time (83.4%). Mean age was 51.9 years (± 6.1), with women in the exercise intervention group younger (mean 50.6 years) than women in the control group (mean 53.1 years; p =.01).
Prior treatment for participants diagnosed with breast cancer included surgery (99.3%), radiation (62.7%), and chemotherapy (52.6%). More women in the exercise intervention group received adjuvant chemotherapy (p = .0096). Participants were approximately equally likely to be taking tamoxifen (33.8%), an AI (anastrozole, letrozole, or exemestane; 31.8%), or not taking adjuvant endocrine therapy (34.4%).
Menopause and Endocrine Therapy-Related Symptoms
The 42-item BCPT-SCL measured symptom distress, defined as how much a woman was bothered by a particular symptom. More than 50% of participants reported symptoms of hot flashes, headaches, general aches or pains, joint pain, muscle stiffness, and forgetfulness. However, these symptoms were only mild to moderate in severity (mean symptom severity score = 1.5 on a scale from 0 to 4) for all three groups at baseline. The highest ratings for symptom distress were hot flashes for women taking an AI or tamoxifen and joint pain for women taking AIs, although these were rated as causing only mild to moderate distress (mean score ranges from 1.3 to 1.8 on a scale from 0 to 4). There was no statistically significant difference in the level of symptom distress by type of endocrine therapy at baseline (p = .21), nor were there statistically significant changes within the endocrine therapy groups in symptom distress at 6 or 12 months.
Responses on the 19-item FACT-ES described the extent to which women experienced endocrine therapy-related symptoms, with higher scores representing fewer symptoms. The mean FACT-ES scores for all participants were 62.1 at baseline, 63 at 6 months, and 63.7 at 12 months. Hot flashes, night sweats, vaginal dryness, decreased libido, weight gain, and joint pain were reported as occurring "somewhat," while all other symptoms were not experienced at all or were experienced "a little bit" during the preceding 7 days. There was no statistically significant difference in mean FACT-ES scores by type of endocrine therapy at baseline (p = .34), nor were there statistically significant changes in FACT-ES scores within the endocrine therapy groups at 6 or 12 months.
Quality of Life
Responses on the 28-item FACT-G were used to generate an overall QOL score and four well-being subscale scores.
The mean total FACT-G scores for all participants were 86.5 at baseline, 88.3 at 6 months, and 89.7 at 12 months. There were no statistically significant differences by type of endocrine therapy at baseline for the total FACT-G score (p = .29) or for the subscale scores (Table 1) . However, for women taking AIs, those in the exercise intervention group had significantly lower functional well-being scores at baseline compared to those in the control group (p = .04). The same was true for women taking no endocrine therapy regarding the emotional well-being score (p = .01).
For women taking AIs, the total FACT-G score was 86.8 at baseline, 86.4 at 6 months, and 88.6 at 12 months. The total score increased in the exercise intervention group but decreased in the control group over the year of the study, a statistically significant finding at 6 months but not at 12 months (p = .03 at 6 months, p = .12 at 12 months; Table 2 ). In addition, the exercise intervention group reported statistically significantly improved social or family (p = .05) and functional well-being scores (p = .02) at 6 months compared to those in the control group. For women taking tamoxifen, there were no statistically significant differences between the exercise intervention and control groups for changes at 6 months or 12 months on the total FACT-G score or on its components. The same was true for the women taking no endocrine therapy, except on the social or family well-being score. This score increased in the exercise intervention group but decreased in the control group over the year of the study, a statistically significant finding at 6 months but not at 12 months (p = .05 at 6 months, p = .26 at 12 months).
Discussion
Our findings indicate that female cancer survivors within 3 years of completing primary or adjuvant chemotherapy generally had mild symptom distress. The highest ratings were hot flashes for those taking tamoxifen or AI and joint pains for those taking AIs, all of which were rated as mildly or moderately bothersome.
There have been three large clinical trials of adjuvant endocrine therapy that reported endocrine therapy-related symptoms or QOL outcomes: ATAC, IES, and TEAM trials. In the ATAC and IES trials, the FACT-B plus endocrine subscale (ES) were used to measure QOL. They used the FACT-B Trial Outcome Index (TOI), which is the total scores from the physical and functional well-being and the breast cancer subscales (Cella et al., 2006; Fallowfield et al., 2004; Fallowfield et al., 2006; Fallowfield et al., 2012) . In the TEAM trial, the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire version 3.0 (EORTC QLQ-C30) was used to measure QOL. It includes five functioning scales, a global health status or QOL scale, three symptom scales, and six single items (van Nes et al., 2012) .
In the ATAC trial, 9,366 postmenopausal women who were treated for invasive breast cancer were randomized to 5-year treatment groups of anastrozole, tamoxifen alone, or combined anastrozole and tamoxifen (Baum et al., 2002) . For the three groups, the mean FACT-ES subscale scores decreased during the first 3 months of therapy and then stabilized for 2 years of follow-up with no group differences (p = .74; Cella et al., 2006; Fallowfield et al., 2004) . At the 5-year follow-up, QOL for all groups slightly improved over time. However, it did not reach the baseline score (Cella et al., 2006; Fallowfield et al., 2004) .
In the IES, 4,724 postmenopausal women with primary breast cancer who were taking 2 to 3 years of tamoxifen were randomized to groups taking AI (exemestane) or continuing to take tamoxifen until 5 years of treatment were completed (Fallowfield et al., , 2012 . Regardless of the treatment group, the average FACT-ES score improved over 2 years. Participants in the exemestane and tamoxifen groups had significantly higher FACT-ES scores than at baseline at 9, 12, 18, and 24 months (all p ≤.01; Fallowfield et al., 2006) . In the TEAM trial, 2,754 postmenopausal women were randomized to either 5 years of adjuvant exemestane or 2.5 years of tamoxifen followed by 2.5 years of exemestane (van Nes et al., 2012) . QOL improved over time, and there were no significant differences between the tamoxifen and exemestane groups. No difference was seen in the FACT-ES score between the treatment groups.
The current findings from the FIT on endocrine therapy-related symptom distress were similar to those in the ATAC, IES, and TEAM trials in that no significant differences were found in endocrine symptoms over time by type of endocrine treatment. Thus, symptom distress for women taking adjuvant endocrine therapy appears to be similar across trials, regardless of design, measurement, and sample size. The major difference between these trials and the FIT was the FIT's examination of the effect of exercise on both QOL and endocrine therapy-related symptoms over 12 months. Results indicated that women taking AIs who were in the exercise intervention group had significantly better social or family (p = .05) and functional well-being (p = .02) at 6 months than those in the control group, but these improvements were not sustained at 12 months. Women in the intervention group had greater time on the treadmill, improved heart rate recovery, and greater metabolic equivalent (MET) minutes per week than those in the control group (Knobf et al., 2017) . Exercise might have improved AI-related arthralgia (Irwin et al., 2015) , which could lead to better social or family and functional well-being in women taking AIs. Notably, the exercise intervention was supervised for the first 6 months but not for the following 6 months. This may have resulted in an initial increase in well-being that was not sustained in the next 6 months.
Results of the FIT did not support the initial expectation that women in the exercise intervention group would show significantly improved endocrine therapyrelated symptoms and QOL than women in the control group. One possible explanation could be that the design of the exercise intervention was primarily focused on building bone mineral density in perimenopausal and early postmenopausal women. The exercise intervention included walking on a treadmill, lower body resistance exercises, and use of a weighted belt during lunges, squats, and jumping. These activities were not specifically designed to relieve AI-related musculoskeletal symptoms. Thus, an exercise intervention specifically designed to address AI-related musculoskeletal symptoms, such as non-weight-bearing aquatic exercise, may have the potential to relieve endocrine therapy-related symptoms and more substantially improve QOL. Other limitations of the study are lack of knowledge of duration of adjuvant endocrine therapy at enrollment, relatively small sample size once the participants are divided into the three endocrine therapy groups, and inclusion of women with cancers other than breast cancer.
There is increased recognition regarding the presence of AI-related musculoskeletal symptoms. However, healthcare providers are still uncertain about appropriate management methods to address these symptoms. Therefore, there is a need to explore the underlying symptom mechanisms, identify predictors of women at greatest risk (Henry & Stearns, 2011; Olufade, Gallicchio, MacDonald, & Helzlsouer, 2015) , and develop both pharmacologic and nonpharmacologic interventions to relieve these symptoms. Studies have examined various approaches for such relief, including vitamin D, yoga, acupuncture, physical activity, pharmacology, and complementary interventions (Nahm, Mee, & Marx, 2018; Roberts, Rickett, Greer, & Woodward, 2017) . Many studies, however, have limitations in terms of small sample size, short intervention period, and lack of follow-up measurement (Nahm et al., 2018; Roberts et al., 2017) . Using selfreported outcome measures also raises questions on how accurately the women can identify AI-related musculoskeletal symptoms versus non-AI-related musculoskeletal symptoms or other symptoms that can be mistaken for musculoskeletal symptoms (Nahm et al., 2018) . Further research is needed to establish effective exercise interventions specifically designed for AI-related musculoskeletal symptoms. In addition, more objective measures than existing self-reported outcome measures need to be developed to accurately assess and capture these symptoms.
Cancer survivors taking adjuvant endocrine therapy suffer from therapy-related symptoms that can lead to decreased QOL and discontinuation of the treatment. Yet, effective management of such symptoms has not been clearly established. Further studies to develop interventions targeting endocrine therapyrelated symptoms need to be conducted.
